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J.~~- 3. WSU an D.1

Approved by: W. L MRIS, Chief
fAir-Growad Explosicee Division

AI8TRICTI Th normal shouk (1PankineRugooiot) relations are presented
in tabular form for altitudes ranging from sea level to 300,000 feet Ina
50,000 feet intervals. The range of shock temperatures extends from

288.160 C to 316,2280K for sea level; for each of the other altitudes, the -

* range extends from 2000OX to 316,2280 K, or to the temperature at which

radiation pressure and radiation energy become important (whichever is
* the lower).

The effects of altitude o the normal shock relations are. *-*.*-

sumarized by plots showing that for strong shocks In air, the diinnsiclemss. *-

values for shock temperature, density, anid gaim as functions of shock ..

* strength, are qidte sensitive to altitude chrnnges. For weak to mtoderately-

strong shocks, however, these relations are relatively Insensitive to -.. ....

altitude changes. The dimensionless values of shock veloc'ity and energy. *

density are comparatively Insensitive to altitude even for strong shocks..

-1. 3. :% . ORDKAXE DORATORY
W.hite Oak, Silver Spring, M"rland..

-7.0
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NAVOR T) RE.PORT 6L0Thli 1AqrI$95,

The calculations presented in this report vere made in conjunction
vith a series of studies of the effect of altitude on oxploglion phenowma

being conducted at ROL by the Air-Gr,.lud ExplosiL s Division. They vere
mad* as a part of Task Moo 701-267/76002/01040 uader the auspices of US -

Bureau of Ordnance and coiprise a partial solution of Key Problem #12,
("Key Problems, in Explosives Research and Develoyment", SAVORD J4299) of
the Air Defense Systemrs sectione

W, W. VUWUIE
captain, USX
Comtander

J.AIO ISOI 
-By direction
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The purpoje of the present work was to inyistigat. the effect of. .. -

altitude on the norml shock (asaukin*-Rugoniot) relations Man to present -

these rgilstiong in convenient tabular torn for various Altu~s frmu

sea level to 300,000 feet. The calculations were b&&*-,&on currently

accepted equation of state dzta' ccmputed by J. lilsenrath and co-worker*

of the National Bureau of Stardards (references 1, 2, end 3) sandtba
AEDC model atmosphere (refer.ice Qi~ accepted by the National Advisory

Coittee for Per-cautics up to 1:J0,000 feet and, tentatively, up to

300,000 feet.

The properties of a shock wave in air depend upon the cunditlon in . -

* front of the shock, and hence, upon tbe altitude. As demonstrated in

* section 2, however, the various relations between the shock parameters
expressed in dimensionless form** are independent cf the conditions In . *.-

front of the shock If the fluid behaves as a perfect gas withb constant .: - .

specific beau.; tnese relations are relatively insensitive to variation

In altitude for weak or moderstely stronig shocks and so"e remin rela-

* tiveV Insensitive to variation In altitude for strong shocks while others

bescome quite sensitive.

The ttb~xk front parameters are completely detervined by specification

of the conditions in front of the shock a-nd oor 3ddliomaj parameter, e.g.,

the shock temperature. Thus, if the atmospheric co&Mitions are known for

each altitude, then the density, preebsure, particle vtlocity, atd specific

* Equation of state calculations made prior to thoge of references 1,
2, anM 3 are L~kccurrte at stefintently h'agh tezperatures for
disaoctation effects to -ftnifeot tbemselveai due to an inmccura-e S
value of the dissociation energy of nitrogtz,,

,b Te proa r dimensionless form Is obtained by diriding each *

varia7314 of state behind the shock by the ,al~e of that variabli
of state in front of the shock and by dividing easch velocity by
the speed of gound In frovit of the shock. *- -- --
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Internal energy behind the front, wnd tha s0ock velocity can bt computed

&d functions of the shock temperature. The procedure utilized in the

present calculations Is described i section 3. The atmospheric coni- .

tions for each altitude (obtine,- from refexauce I) ar presente. Is-

table 1I.

The effect of radiation pressure, radiation energy density, ad

radiative broadening of the &hck front are zentiored briefly and the S

approximate temperature at vhich the first tvo of these become Important

at each altitude Is indicated.

The normal shock relations are presented in tabular form In tables

II through VIII, for the altitude range mentioned above, in 50,000 feet S

intervals. The mea-level values are for a range of shock temeratures

from 288.160 x to 3l6,2280 K; the values for all other altitudes are for

a range from 20000 K to 316,228K or to the temerature at vhich radiation

effects become important (whichever Is the lower). Mhe illustrations - -

show the variables in dimensionless form as functions of the pressure --..
behind the shock divided by the pressure in front of the shock. It can

be seen that sIiificant differences exist between some of the shock

relations for altitudes differing by, e-g., 50,000 feet; others ar
nearly Invariant to such moderate altitude variations.

The results of the calculations are discussed in section 5. - .

2.* THE L;F= OF AITUDE ON THE MR-AL SHOCK RELATIONS

The conventional model for a shock front consists of a suraface
across which the flo variables (e.g., pressure, density, particle velo-

city) are assumed to undergo discontlauous changes consi-tent vith the

laws of conservation of mass, momentum, and energy. These lays provide

the folloving three equations:

(1) Po(U.- U) - P,(u, - U) (conceration of mass)

(2) fo u,(u, - U) - ,%u*(Uo - U) - P- (conservation of momentum)

2

L. s' .- o . • ... ".

. . • . ,-,S



+-.---- E.. V m + F (u - U)

(casra"o iI enrg)

L -

Ba~er the sysols jA , 1 P, Us and Ig denote density, particle velocity,",";
,, pressure, shock vel ocity, and Internal energy per unit juss, respectively; ..

.- ~~~the subacript a refers to the shocked side and the subscript o to t e r . . - -,.

: ~unshocked side of the shock front. If the air in front of the shock
~behaves as a perfect Gas with constant specific heat ratio o then"

(3" -a,*u' u -i)- t.( u. . ...uu). "' :. . .

wesere co e 3p c of sound. It Is ernael e o p eine a effectively .ratho of sp cfit beats, o for the sde de of the atock terom

............................................. ...............-.......-..-

.dt srby the r Lrti"r''t'of'th""
"ho '

~ ~~ ~ ~~() E * ". ._ - ' _ _.. . =' . ..
Cr",-.V ',. *"*

The vriable, ?, so efined serves as a index whi.ch indicates t-

extent to vhich the '=.;ation of state reltsing pressure, density, e

sp-cific atrrl energy deviates from perfe:t gas be or. "

By "e of rtations (4), (5), and (6), the three coser'ston laus 0 0 S S

can be expressed as

- .... ... *-. . .-

,, , O,-

. . . . . .. . . ... %. . . .

-. S ....-...........................-- ;- .*.
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(9 ~)..( ~ ~M. . -
(i)_-_ __ I_ ,___C ...

-r- * _ S {

-. . **4

CF. Po.. , .

(1) -.O '., A:-.... .:.

Note that equations (7) through (10) comprise four Independent

relations beteen the eight dimensionless variables P/Po, U/co, uS/o,

rs/ro, -/ 0 , ,uo/co, r,, and Io. T frm of refer e c= .

be chosen to be stationary relative to the unshocked air; thus, uo can

be set equal to zero and thereby eliminated from the equations. For a

perfect gas, the effective ratios of specific heats, ye and r. are

equal, to the true ratio of specific heatb and are independent of the

thermodynamic state (i.e., a . ro - Cp /Cv - constant, where .

C is the specific heat at constant pressure and Cv the specifIc heat
p

at constant volwoe for a perfect gas). Thus, for a perfect gas t. '

specific heat ratio is a constant parameter and equations (7) throuh"

(i0) cooprise four independent relations between five dimensionless

... " 'F-

--- °°...

0. - ....... .-- " 0. .

.* o - -.t• , ..



variables vhich are independent of the ambient corditions. For shocks

of weak to moderate strength, air behaves approximtely s a perfect ii, . . -

-. and consequently, the normal shock ru-laiona expressed in disusionles"

form. ar approxiately Independent of ambient conditions (aa, ben&,
alti~tud).

In order to ascertain, in general, the effect of altitude on the

normal shock relations (in dimensionless form) it Is convenient to

attribute this effect to variatton in ks (and to variation in the

compressibility factor if the temperature ratio is to be considered).

Cons-!-r the fcoli-Ang set of relations obtained frca equations (7) throu"h

(10) by setting u0 equal to zero and solving4 for U/c,, us/cos 0  e/lo a
and a/o as functions of PO.

AI + ..0

* ~(12) .3

. C , + _5 'F

Y -I

([#.. -S % ,f.. _,..t

) (, I

C. / r,,-I P@ .J.'1'

k~r:t P ....- . .- .- -. -

+ Y4 ( 

' -. . . ..

--------------------------------------------------------------------------------------



00
• •J. ° .

KAVOFSD Raorrt 6o75

The corresponding relation for te temperatlre r.tio :.@n be .

obtained by introducing the compressibility factor, Z. The thu.ra .

equation of state can b* written formally as 0 0 0

where R Is a coostnt reference value of the gas constant per unit mass

taken such that Z Is equal to unity for the unshocked state. 7hus, the

teprature ratio is given by

r.4 P 0

T.

If the functional relationship between Ie and Ps/?0  (see figure

MII) and that between Z. and Pe/Po were not dependent upon ambient

conditions, the relations between the dimensionless variables would not

vary with altitude as can be inferred by inspection of equations (11) ..-..-.. .-

through (14~) anM equation (16). This is true for a perfect gas and Is
approximately true for shocks of weak to moderate strength in air. For

strong shocks in air, this is not true, and as a consequtnce, while tone *.•

of the relations are relatively insensitive to altitude, others are quite

* senitive. This can be deonstrated by considering each of the relations

(11), (12), (13), (14), and (16), and assuning typicl values for re

and Z.-

* Since the altitude effect is greatest if the sho k Is strong, it will

be convenient for the present discussion to assumo that Po is negligible 2.....'. - --

in cooparison to P. in the equations. Equation (11), in the strong shock "" '"'""="

approxlmation, reduces to ** " -

(17) a - V4

6. .. -.. .. . _

-a.... . i "°  5 ..' . 0..
a.-. .. o° a.

'a .,. ..

... .*%*%-..... . . . . .. . . . ...... • ,. ........ . ..-. -...-....... ...-.....
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From figure III, typical values of a5 are taken to be 1.4, 1.3, 1.2,

and 1.4 for the temperature and altitude ranges considered here.

Introducing tnese values into (LT) yields for the density ratio, 6, 67-2/,

11, and 21, respectively. Equation (12), in the strong shock approxLma-

tion, reduces to

(18) a F. ,;",

taking the s set of values for is yields, for the factor .... ..

.926, .96, .8 , and .866, respectively. Note that this relation is 0 0 0

much less affected by gas iuperfection than (17) and consequently, Is

expected to be much less sensitive to altitude variation. . -

Equation (13) reduces to

* .9 LS" -. 1 ). .. :...: ..

For the same set of r values, the coefficient of (P/P)1/2 to

.772, .788, .806, and .825; hence, tis equation is relatively Insensitive

to gas imperfection and Is expected to be Insensitive to altitude varia-

tion. Equation (14) reduces to

(20)
S4

For the set of , valueas, the factor -h- -- takes on the values " ":......

.167, .174, .182, and .10; hence the equation is relatively Insensitive. ,--.. . .. ...

The effect of gas Imperfection and of altitude on the relation betveen 0 S S

any pair of the dimensionless variables Ps/Po, U/co, Us/co, .efo ' :: .::: :::-:::
anid E5/E0  can be Interpreted as a variation in the effective specific -.- - -

heat ratio a" The effect on the relation b tveen Ts/T 0  and any one of- .- '

7. 0 . ...-. -

0 ----.- o------."---..--. --.--- --- • - - -.9

. . . . . .... .. .. . . . . .. .. . .. . . .... o•
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the other dimensioa,..ns variables saniftsts itself through both )'and

ap

.. In the atrcsi shock approximatIon5 relation (16) reduces to

(21) z

Ir

for the above set of re values, and the factor -j+ takes on

the values 1/6, 1/7.67, 1/11, and 1/21 which cause a large deviation

from the perfect gas relations. In addition to this, for temperatures - .

from 3000°K to 300,OOC°K, Zg increases from i up to roughly 10 or 12.

Thus, relition (21) Is expected to be very sensitive to gas imperfection

and altitude. Recapitulating, the following characteristics of the S 0
(normal shock) relations between any two of the dizensionless variables

P5 /PO' U/cO' U5 /€O' P/(s'o , £5 /EO , .nd T/TO , were noted:

(I) for perfect gases the relations are invarient to change
In amotent conditions;

(I) for shocks of weak to moderate strength In air (for which
Z - i*1 and s r o " 1.4)

the relations ttre relatively insensitive to change in
ambient conditions (e.g., change in altitude);

(ill) for strong sbocin 1" dir, ozre of the relations are very

sensitive to ambient conditions (e.g., Ps/P Po/Po .v PO

nn4 T./T0  vs P,/Po) and others are relatively insensitive

to ambient conditions (e.g., U/cO  vs PI/Po , EI/EO vs

PI/Po , and u /cO  V Ps/Po).

• S•

3. coWMoATIlL PTCEC. RE

The norml shock (ankine-Hugonlot) relations

(22) E - E . j* (p + p.) ) ..

-'-. -- -V -.. ..,

(o (P.-p- -. -". ".
(23) -.)--U.'---'

P - .. . ... • -o

V. - . .. ° -

.... .... ... .... ... .... ... ...."--'--- ---

++''~~~~~~~~~~~~.".- -".. ".- .o'-. q . . +.. .. o.- o o o .-.- . . .• - ° ." +-."°. +O. . .. . .. . .. . . . . .... . . . . . ".+''o.

=+= + - +o + • y+~~~~~~~~~~~~~.. .. .......- , ,.,.. .--- , -...... ,.............'..-..- V..-'-'.- V --- .,.-.-.
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K. can be Urived directly from the conservation relations (1), (2), an4

W-. (nore ntation Is the aw as that of sect ion 2: St F?1
and U drat internal energy per =1. mass, pressure, density, an shock

velocity, respectively, and the subecrIptue and o refer to ta #te "

on the shock and unshocked sides of the shock front, ressectiyl7.)

The equations of state

."I"1 PEjm 1 T e)
6 (214) p - (-T

(25) E- E

* are obtainable from tablei of the tber-modynanic properties of air (e.g.,

the tables of refuences 1. 2, and 3 prepared at the Xational Bureau of

Standards). For each gf.ven set of sibient conditions (PoS 10o, To - "

o), reations (22:, (23), (21), and (25) c-a be solved sizultaneouslY

for the shock variables U, ks, Z., end ps as functions of Ts  and S

expressed in tabular form.

The proc-lure utilized In the present York is the following. Let

equation (22) be written In the for" '

_-The linear Interpolation procedure described here -ias suitable for
the calculations at shock temperatures above 2CC-0 K but was not
sufficiently accurat for lover terperatures. 1e low temperature
calculations for the altitude range considered here and the calcula-
tion procedure by i-hich they vere made will be presented in a subsequent
report. The preseut report 1 concerned vith te=peratures above 2C0OOK;

* however, the lower temperature sea-level calculations have been included
for the convenience of the reader.

" ote tat for strong shocks P,.,# P, and E, E and, S' -

thus, equation (26) could be approximated by

o z,. p, . . . -....

This approxization was not e=ployed in the present calculationa. • ... ,

9

S -_ _ __.-- - - .. _.~ - - ... __. .. . 5 0
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(26) A

T•,unso,,- ., *6.-

-F + P. V

* ~ ~ ~ ~ ~ ~ ~ ~ a aeia .= h th i a poituat hc heriae.ul h bcsa

cr2e) Y . . en parame . b ) 8
Pep2 h be ) + P. .ar h

to ty ishpotte galues for a o ne b ck slgtlyeauepTQd

sliatly (popler. Then thea point atg yvt1hich the a -ualto bsissa

* I.The pint I,-

dter is the shock value coned in to eru T h . .-other

~~~~sligtly smaler Ten the .- point ,, . ) atckc th e Ra.,.t ine- t..Rug.o 'a "o.
relathion (26 1 satifie car. taie ,b .inear sInterplat o; ---e.#

• ., by (2 )~~~~th aq--ln 2) asfrtedtriaino v onsCl l

d . ' y. .

* Tep nt an 2shudb suta t --I /= aetl -..
dteri the sho ck value x, , oebeth6 dingtoy!fe n heohr•.

13~

,. thKe' , "" '"

:... . .. . . . . . . . . . a'.
i -; o7.

%' 1 ' ' ' .
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Linear Intetrpolation was, uzed ina the present voric, P. being~ computed fros*a

(30) ?a +

PO P.

Next the shock velocity, U. was computed from equation (23). Th *
specif ic Internal energy behind the shock front, Es, can be obtained-

approxim.tely by interpolation in the table represented by (25). Linsar

interpolation was used, K~ teing obtained from the relation

Then effective ratio of specific heat* behind the shock front, T :i:~.. .:

was then computed from 

-

The particle velocity, us, can be computed from the expression

but was not Included in the present work.

The above procedure was carried out on an IBM 650 calculator for a - -

closely spaced series of shock temperatures and for seven different sets

of s&abie&. conditions; covering the altitude range from sea level to 5 *

300,000 feet in 50,000 feet intervals.
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Radiation pressure anA radiation en-irgy inf luence the properties

density od feoscocparable zo the internal energydest Xo
the material sdium (eg.sir) ami the radiation pressure aT1 '/3 bcm

cmarabe to the material pressureF. It has been pointet cut by

it, (. Saecis (reerenee 5) that the pressure- zan energy dens~ty terms

c"ccurritng In the three coessrratlon relatlons applied across the shock

front must be the net values, I.e., the mu~ms of the material and radiatioa

contributions. Thus, the coaseryatioa of momentum (elustion (2)) must be

0 znodifiod by the addition of the corresrA-Aing radiation pressure to each

of tba material pressure terms and the conservation of energy (equation 3))
by the addition of radiation pressure and radiation ergy terms; the

conservation of moss Is not affected by the presence of radiation.*.

for shocks propagating in the atmosphere near sea level, shock0
teapratures of the order of millions of degrees are required Weore

* radiation prtaaure and energy density effects becm significant. The

* - cslculatioas contained herein for sea level azyl 50o000 feet (which are
for shock teaperatures ranging up to 316,000OX) require no radiation a:

correction. For altitudes of 100,000 feet, 150,000 feet, 200,000 feet, - 4 ~ .

250,000 feet, ard 300,000 feet, the radiation contributions to the

pressure and energy density are less than 1$ for te~vtratures up to 25l,000OK,
* l25,00AK, 70,00001, 31,CP 0i, an 1:4,000oK, respctivaly, "n less than- -

10% for texeratures; up to 316,000OX, 251,00001C, 158,000O1, 89,0000K, sad

* ~31,0000K, reapeetivoly. go rsiation corrections wiere made in the Isrisent-

calciQaation and the results are not given for t.zparatures aboye which the. . -

correction neddexceeds W0%.

In reference 5, Sachs also noted that radiative diffusion would

* affect tbe thickness of the shock front. A quantitative investigation*

12
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of the radiative contribution to the vIdtb of the -.back front bat b*e*

* itrr1.d out by Hari K. Sen and Arnold W. Guess (reference 6). They .
. ,-.oed that the radiative contr~lbution depends primxily on tb" ratio of the ,' ' •"-,

- . .. . :. . .. " -

mean free path of radiation to that of the material particles, that this

radiattot effect may be iportant even if' radiation presew* and enargy

- density are negjlig.ble, and that in an atmosphere of low density (e.g., at

high altitude) the radiative troadening of the sho ,k front may be sufficielatl-y

jgreat to virtually nullify the shock. ThIs effect may play an important

role in shock prupagation, particularly at hiE altitudes. In the present I. 0

calculations, only the ead conditions for the transition of the fluid

through the shock aze involved and it Is assumed that the three conserve- "

I tion lave apply Just as if the shock front were a true discontinuity.

5. DISCUSSION OF M.ULO

The atmospheric conditions for each altitude considered are presented

in table I. The values of the density, preasdure, teznerature, and so=n..

speed for the undisturbed air at each altitude ver* taken from the ARDC

model atmosphere (1956) contained In reference %. This "standard ato~os;mare'

vhich is based on Rocket Panel data has been accepted by the NAA for

altitudes UP to 100,000 feet and tentatively up to 300,000 feet. The

analysis of Xinitrack data on the first USSE satellite 1957 alpha 2, by

I. Harrs and R. Jastrow of the U.S. Naval Research Laboratory indicates " ' " ""

that the ARLC model underestimates the .stmspheric den*ity for altitudes

above 200 kilometers (kmi). This is vell t-eyond the altitude range of the -

present calculations vhich is frcis sea level to 300.000 feet (91. ki).

The values for the specific internal energy given in table I vere

obtained from the Nati nal Bureau of Standards equation of state data

(reference 1) under the assumption that the composition of the atmosphere ) •

is the sae for each of the altitudes consider-ed here as at sec level.

Approximate equality of the atoalc composition is believed to exist at

these altitudes as a result of atmospheric ccnvection. However, the

13
. . . . .. .- . . .
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* ioleculs~r composition changes vith altitude due to dissociation, forutation

of ozone, etc. Wulf and Denting haye reported that the dissociation of

oxygen be"in at 80 to ^.nd to essentially -complete at 100 kis, tha trans-

tioa layer rising 20 kmu t naWt; in. contrast, Mk4umar reported, the

corresponding altitud~e to be 130 km nnd 167 km.* The present enloulationi

are based wn the assgumption that only the thermodxynaaie state of the

atmosphero varies vith altitude, tot the molecular or atmic composition. -

Tables II through VIII contain the normiLl shock relations in tablUrj.

for* for altitudes ranging from see level to 300,000 feet in 50,000 feot
* Intervals. Th, sea-level values (tabole 11) are for a range of shock

* temperatures from 288.160 KC to 316,228 0 K. The values for all other .

* altitudes considered are for a range from 20000IC to 31.6,22BOC or to the 0

temperature at which the radiation pressure and energy density are

approxlmately 10% of the pressure and energy density of the material (air),
when the latter ts tho lover. Palliation corrections wore not include..

? or each shock temperature, the tables give the correspondin& vuilue of the

ratio of abick density to anbilai dcnslty, -------te-rat-o-o

(absolute) shock pressure to azbient pressure, PS/P.; the ratio of shock
velocity to ambient sjpeed of sound, U/c 0 ; the ratio of shock temperature '

to abient temperature, T./T.; the effective ratio of specific heats, Va

defined by equation (%6); the specific internal energy at the sbe,%k front.

Esf expressed in calories/gram; and the shock oyerpressure, PS, _,,

expressed in pounds per *quare inch.

..The dimensi.onless vaibe Ufc 0 t TO/Toil t'r r,,.na . .

* g5 /g., are shovn as functions of Ps/P 0  In figures I throu#;h V for vartous

altitues in the rwige considered here. In the case of weak to moderatealy e
strong shocks, air does not deviate greatly from perfect gas lwehavior &nd,

cowi*equeritly, the functional relationships between pairs of these dimension-

less variabl.es are relatively Insensitive to altitude variation. Only t;3Q

* See reference 7, page 212, &nd the appropriate references contained0
therein.

14~
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* 0

eta level--- -- -- values---..------.- fo shc teprtrsblw20- r nlddi

this~~~~~ ~ ~ ~ ~ ~ 0~ot Cacltosi0hstmeauerneu o en

cslitioysaffechediffer b atitdevrat ions frconseed hieei tae eaion

(e.&,., for intermediate altitudes or for Koewhat different ambient

I .conditions at sea levell is the following: assune that the tabular values
In dimensionless form gvnithsreport for the ambient conditions most

;0 nearly equal to ths dasired ones ar-i valid for the latter and use thea

accorAd.ly. The validity *z hshortcomngs of this procedure can be _

7 Inferred from the Illustrations.

* It was noted by L. fllin (referen~ce 8)that this relation is
expected to be indepz*,dtet of ambient conditions insofar as the
Sachs scaling procedure is valid. Figure I Illustrates the
remarkable extent to which the relation is Insensitive to altitude
variation.

.0.
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* *. . LIT OF SYMOS

1, 2 subscripts vhich denote two therdynaie atates defin by
tba skck teLperature, Ts, obd the density p*, or p, #

the density values nearast the shock density, ps & ia the
tibles of references 2 and 3, one being slight.y larger s,"
the other slightlV snaller.

a 00 ia the expression for the radiatim energy density

c to=A speed .

C1  specific beat at constant pressre

Cy specific beat at constant vol=*

9 internal energy per imit mass

F defined by equatica (31)

So subscript refering to the unasbocked side of the shock frout -

. P pressure

R ccnstant reference value of the gas constant per unit muss

a subscript refering to the shocked side of the ahock fro"t

T temperature In degrees Kelvi.

IL particle velocity

U shock velocity

x defined by equation (28)

y defined by equation (27)

z -omressibilty factor defined by equation (15)

r ef cctive ratio of specific heats defined by equations (.) an&

density

. ... ; .

. .. "-. .:- ,.-.-

• . o . - .
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TABI II AVORI RKTir 073
TABIX XI 0lO34(AL SEOCK RZIATIONS AT BA S IXV..

T °____ %, pPsi P1/P0  U/CO

2.-2 a 0.000 1.000 0 1.000 0
7.900 2" 3.20T -1 1.021 0 1.003 0

3.000 2 2.204 0 1.129 0 1.o61 o ,
3.100 2 4.232 0 1.288 0 1.116 o
3.200 2 6.391 0 i.1,324 0 1.171 0 .
3.XO0 2 8.666 o 1.589 0 1.227 0 -
3.2.00 2 1.101 1 1.751 0 1.282 0

3.500 2 1.351 1 1.919 0 1.33 .0
3.600 2 1.606 1 2.092 0 1.391 0 -

j.700 2 1.867 1 2.270 0 1.445 0
3.8W 2 2.134 1 2.452 0 1.498 0 -

3.900 2 2.407 1 2.637 0 1.550 0 -

4.000 2 2.683 1 2.826 o 1.601 0
4.100 2 2.964 1 3.017 0 1.651 0
4.200 2 3.248 1 3.210 0 1.701 0
4.300 2 3.535 1 3,45 0 1.749 0
,.20 2 3.824 1 3.602 0 1.796 0

21.500 2 4.116 1 3.801 0 1.8h3 0) 1.600 2 4.4110 1 4.001 0 1.889 o -
4.700 2 4.707 1 4.203 0 1.93 0
Is.8CO 2 5.006 1 4.2o6 0 1.978 0
2.900 2 5.307 1 21.611 0 2.022 0

5.-00 2 5.609 1 2.816 0 2.065 0.(,^,g.r. . i , ft .
5.100 2 5.912 1 5°023 0 2.107 0 P ,
5.200 2 6.218 1 5.231 0 2.149 0
5 .30 2 6.525 1 5.44o. 0 2.190 0
5.,:00 2 6,833 1 5,6490 2.230 0

5.500 2 7.143 1 5.86o 0 2.270 0
5.600 2 7.453 1 6.o72 0 2.309 0
5.7CO 2 7.765 1 6.233 0 2.348 0
5.00 2 8.078 1 6.497 0 2.386 o
5.900 2 8.393 1 6.711 o 2.424 0

6.000 2 8.709 1 6.926 o ?.461 0
6.10C 2 9.026 1 7.A2 0 2. "9. 0
6.200 2 9.344 1 7.358 0 2.535 0
(.300 2 9.6641 1 7.576 0 2.571 06.40o 2 9.985 1 7.794 0 2.606 o P . 9

Note: The pover of ten is shown after each number.

i, ,"..-.. .':." -.

K S.

19- - .
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TABLX 11 I KfAL SUI)CK REIATIOIS AT SEA UMV'-

So-Po, pat ?Ppo U/c

6.500 2. 1.030 2 8.o1 0 2.C,2 0
6.6:o 2 1.062 2 8.233 0 2.677 0
6.700 2 1.095 2 8.453 0 2.711 . 0

6.8-0 2 1.127 2 8.67U 0 2.7%5 0
6.900 2 1.160 2 8.895 o 2.779 0

7.000 2 1.192 2 9.117 0 2.813 0
7.100 2 1.225 2 9.30 0 2.846 o
7.200 2 1.258 2 9,,5641 0 2.879 0
7.300 2 1.291 2 9.786 0 2.91 0
7.A0 2 1.324 2 1.001 1 2.944 0

7.500 2 1.358 2 1.02 1 2.97" 0
7.600 2 1.391 2 1.07 1 3.009 0
7.70 2 1.425 2 1.070 1 3.0&1 0
7.80 2 1..459 2 1.093 1 3.073 0
7.900 2 1.4193 2 1.116 1 3.11 0

8.000 2 1.527 2 1.139 1 3.135 0
8.500 2 1.698 2 1.255 1 3.288 0
9.000 2 1.871 2 1.373 1 3.133 0 .,
9.50 2 2.o46 2 .,92 I 3.5T 0
1.000 3 2.223 2 1.613 1 3.715 0

1.C50 3 2.402 2 1.734 1 3.849 0
1.100 3 2.582 2 1.857 1 3.979 0
1.150 3 2.764 2 1.931 1 4.1o6 o
1.200 3 2.917 2 2.105 1 4.230 0
1.250 3 3.132 2 2.231 1 4.352 0

1.300 3 3.31B 2 2.358 1 ,.170 0
1.350 3 3.5c6 2 2.18b 1 1,.587 o
1.400 3 3.695 2 2.614 1 ,.701 0
1.4150 3 3,886 2 2.T4)4 1 J6.814 C"
1.500 3 4.07: 2 2.871 1 1.9241 0

1.550 3 4.263 2 3.001 1 5.032 0
1.600 3 1.1,65 2 3.139 1 5.140 0
1.650 3 .6(2 2 322 1 5.2145 0
1.700 3 4.81o 2 3.407 1 5.350 0
1.750 3 5.oo 2 3.513 1 5.152 o

1.8w0 3 5.261 2 3.680 1 5.551 0
* 1.850 3 5.460 2 3.815 1 5,653 0

1.900 3 5.667 2 3.956 1 5.753 0

2' .o00 3 62 4,.2o 0 5.95 0

20
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0 o

2.20o0 3 6.99 2 4.85 1 6350 "
20I00 3 1.'o878 2 5o.461 1 6.722 0o.u-

- 200 3 60799 2 6.8T I 7.o86 o

2.800 3 90757 2 6.739 1 7.01,15 0

3.000 3 1.06 3 7.423 1 7.802 00 .
3.200 3 1.183 3 8.152 1 8.163 0
3 0 3 1.19 3 9.759 1 3.3 1 1.297 3 8.929 1 8.530 0

* j 3.800 3 1.552 3 1066 2 90290 0

It .000 3 1.687 3 1.158 2 9.670 Of"
4200 3 1832 3 1.256 2 1o005 1•
1.1400 3 1.902 3 1.359 2 1.0" 1
-. 600 3 2.137 3 1.1 2 1.083 1 -
4 1.80 3 2.291 3 1.5T1 2 1.121 1: . '*..

5.000 3 20252 3 1.678 2 1.158 1 -
,5-500 3 2.821 3 1.93 2 1.2" 1 -.

6.000 3 3.226 3 2.205 2 1.32 1-
6.500 3 3o621 3 .2o47, 2 1.202 1 (..... -
7.000 3 21.018 3 2.761 2 1A281 I

-7.500 3 41.592 3 3.055 2 14566 1 .

-. 8:000 3 5:100 3 3:2480 2 1:658 1>.r 8.500 3 5.765 3 3o933 2 1.760 1
9.000 3 6.533 3 4.255 2 1.870 z*.**, ,4"- -
9.500 3 7.396 3 5.02 2 1.987 1* _ - r

.10ooo 2 8.3. 3 5.690 2 2.108 1 " * -

1.100 21 1.041 21 7.100 2 2.350 1
* i 1.200 2 1.253 2, 8.538 2 2.576 1

1.300 4 1.129 21 9.870 2 2.769 1%....- -
1.40u 2 1.619 h 1.102 3 2.928 1

* 1.;.0 21 1.766 4 1203 3 3.061 1 0 0 o

Differenc equation of state tables were used In obtaIning th.-'
' I tvo slightly differing sets of results for 20000 K.

21* - . ... "' -" - ' - " "% " ' --

I..

" 21.....,.....-..- ,..*.
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TABIZ II NOR1AL S9[CK REWIDI0 AT SEA LYE'
.. T, 0  1 P8 P0 , p l P./ro  U/Co  '

21.585 14 j 1.951 is 1-328 3 3.218 L.
1,778 1 2.159 it 1.470 3 3.39L I.
1.995 1. 2.4496 h- 1.668 3 3.611 1
2.239 4 2.8%8 Is 1.939 3 3.900 1
2.512 4 3.379 4 2.300 3 4.248 1

3.162 4 14.841 16 3.295 3 5.o86 1
3.548 14 5.691 4 3.877 3 5.523 1
3.961 4 6.632 4 1.513 3 5.965 1
4.467 4 7.6qT 4 5.225 3 6.h26 1
5.012 4 8.964 4 6.100 3 6.949 1

5.623 4 1.065 5 7.248 3 7.576 1
6.310 4 1.276 5 8.683 3 8.293 1.
7.080 4 1.533 5 1.043 4 9.0" 1 .0
7.943 4 1.835 5 1.248 4 9.94 1
8.913 k 2.192 5 1.491 4 1.088 2

1.000 5 2.625 1.786 4 1.192 2
1.122 5 3.148 5 2.142 4 1.306 2
1.259 5 3.769 5 2.565 4 1.430 2
1.412 5 4.493 5 3.057 4 1.563 2
1.585 5 5-357 5 3.645 4 1.709 2

1.778 5 6.351 5 14.322 4 1.863 2
1.995 5 7.488 5 5.095 4 2.025 2
2.239 5 8.7142 5 5.948 4 2.192 2
2.512 5 1.O12 6 6.888 k 2.363 2
2.818 5 !.154 6 7.854 4 2.530 2

3.162 5 1.296 6 8.819 4 2.689 2

='°.°+22

0"-
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* TASJA II IsoFAL SHICK REIATIONS AT SEA LLYEL . -. '

Ts Olt T5 /T0  
Es cal/amI

2.882 2 1.000 0 1.000 0 14.91 1 1.1402
2.900 2 Z.006 o IozM 0 4,.94 1 , .-- ,

3.000 2 1.041 0 1.105 0 5.1 1 1,.402 ' -

3.100 2 1.075 0 1.197 0 5.28 1 1.1402

3.200 2 1.110 0 1.292 0 5.45 1 1.402 • -

3.300 2 1.1.5 o 1.388 5.62 1 1.,402

3.400 2 1.17) 0 1.484 o 5.80 1 1.1402

3.500 2 1.214 0 1.580 0 5-9 1 1.402

3.60o 1 1.249 0 1.674 o 6.U 1 1.402

3.700 2 1.284 0 1.767 0 6.31 1 1.142

3.8o 2 1.318 0 1.858 o 6.8 1 1.,40.

3.900 2 1.3530 1.947 0 6.66 1 1.14o2

4.000 2 1.38 0 2.034 0 6.83 1 1.140

4.100 2 1.1422 0 2.118 0 7.00 1 1.1401
4,200 2 1.457 0 2.200 0 7.18 1 1.401

4.300 2 1.492 o 2.279 0 7.35 1 1.1101
4.400 2 1.526 0 2.356 0 7.53 1 1,01. .

4.500 2 1.561 0 2.431 0 7.70 1 10401 0 _ _

4.600 2 1596 0 2.503 0 7.88 1 1.,401

4.700 2 1.631 0 2.573 0 8.05 1 1..01
4.800 2 1..665 0 2.641 0 8.23 1 ooo,,
h.900 2 1.700 0 2.707 0 8.40 1 1.1400

*1 ..- - .'- .'''--,---

5.o00 2 1.735 0 2.7710 8.58 1 1.400 . .. . . . .

5.100 2 1.769 o 2.832 0 8.76 1 1.1400 " .. •

5.200 2 1.801 0 2.893 0 8.9 1. 1.;400 - -. -

5.300 2 1.839 0 2.951 0 9.11 1 1.399

5.1400 2 1.873 0 3.008 0 9.29 1 1.399

5.500 2 1.908 0 3.o63 0 9.7 1 1399 ..

5.600 2 1.9L3 0 3.116 0 9.65 1 1.399

O 5.700 2 1.W78 0 3.169 o 9.83 1 1.398

5.800 2 2.012 0 3.219 0 1.00 2 1.398 0 0

5.900 2 2.047 0 3.269 o 1.02 2 1.398

6.000 2 2.052 0 3.317 0 1.03 2 1.397
6.10 2 2.116 0 3.364 0 1.05 2 1.397

6.200 2 2.151 0 3.410 0 1.07 2 1.397

6.300 2 2.186 o 3..54 0 .1.09 2 1.396

6.4oo 2 2.220 0 3.498 0 1.11 2 1.3,6

23
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TABL II NORAL SB3CX RBWIDNS AT MD. LZL"

T XT / oi WIr 0 0
6.5o00 2 2.255 0 3.541 0 1.13 2 1.396
6.6E0o 2.200 0 0.o1 L0.395
6.700 2 2.325 0 3,623 0 1.16 2 t-395
6.800 . 2.359 0 3.662 o 1.18 2 1.395
6.900 2 2.394 0 3.701 0 1,20 2 1.39k

7.0002 2.429 0 3739 0 1.222 1.391 ,
7.0-0 2 2,63 0 3.777 0 1.24 2 1.393
7.200 2 2.498 0 3.813 0 1.26 2 1.393
7-300 2 2.533 0 3.849 0 1.28 2 1.392
7.1. 2 2.568 0 3.884 0 1.29 2 1.392

7.500 2 2.602 0 3.918 0 1.31 2 1.392
7g.600 2 2.637 0 3.952 0 1.33 2 1.391
7.700 2 2.672 0 3.985 0 1.35 2 1,391 - •  

.

7.800 2 2.706 o 1..ilB 0 1.37 2 1.391
7.900 2 2.741 0 4 .5 0 1.39 2 1.390

8.000 2 2.7 o 4.081 o 1..41 2 1.390
8.o500 2 2.9q.9 0 1,.229 0 1.51 2 l,3
9.000 2 3,23 0 4.366 o 1.61 2 1.3 6

I9.1-00 2 3.2c, 0 4.2.92 0 I 1.71 2 1.381.
1.000 3 3.470 0 4.61o o 1,81 2 1.381

1.050 3 3.643 0 4.720 0 1.91 2 O379-
1-100 3 3.817 0 14.82: 0 2.01 2 1.377
1,150 3 3,990 0 14.919 0 2.12 2 1.37. .
1.20 3 kz64 o 5010 0 2.23 2 1.372
1.250 3 4-337 0 5.093 0 2.33 2 1.370

1.300 3 4.511 0 5.179 0 2.414 2 1.368
1.350 3 4.684 o 5.258 0 2.55 2 1.365
1.400 3 4.858 0 5.334 o 2.66 2 1.363
1.450 3 5.031 0 5.4,05 3 2.77 2 1.361
1.500 3 5.205 0 5.474 0 2.88 2 1.359

1.550 3 5.378 0 5.535 0 3.00 2 1.357 S
1.600 3 5.552 0 5.605 0 3.11 2 1.355
1.650 3 5.7P5 0 5.666 o 3.23 2 1,353
1.700 3 5.899 0 5.727 0 3.34 2 1.351
1.750 3 6,073 ' j5,786 0 3."6 2 1.349

1.800 3 6.246 o 58143 0 3.58 2 1.3.47
1.850 3 6.420 0 5.899 0 3.70 2 1:3.45
I . O0 3 6.593 0 5.953 0 3.82 2 1.313 43
1.950 3 6.767 0 6.W7 0 3.94 2 1.3.1.
2.000 3 6.940 0j 6.0590 o 4.07 2 1.340

%~ . *5.*.* %

2k

4.5.

* .... o- .- ° °
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To OI TST Cl

2.0003 a... 6.1660 9 a 1.3WD
2.200 3 7.635 0 6.364 0 1.59 2 1.328
2.1400 3 8.329 0 6.556 o 5.12 2 1.321
2.600 3 9.023 0 6.73 0 5.67 21 1.3141
2.8W0 3 9.717 0 6.927 0 6.25 2 1.307

3.000 3 I0L!. 1 -1.112 0 6.85 2 .1.301
3.200 3 1.110 1 7.306 0 7.50 2 .9
3.1400 3 1.180 1 7.508 0 8.20 2 1.286
3.600 3 1.24~9 1 7.715 0 8.95 2 1.279
3.800 3 1.319 1 7.939 0 9.77 2 1.272

11000 3 i.388 1 8. 1360o 1.06 3 L.265
0 11200 3 1.1158 1 8.339 0 1.11 3 1.259

4-400O 3 1.527 1 8.528 0 L..241 3 1.253
4.600 3 1.596 1 8.701 0 1.33 3 1.2118

4-h830 3 1.666 1 8.853 0 1.143 3 1.2441

5.000 3 1.735 1 8.983 0 1.53 3 121
5.500) 3 1.909 1 9.215 0 1.7T 3 1.235-

*6.ODO 3 2.082 1 9.365 0 2.00 3 1.232 _

6.500 3 2.256 1 9.1180 0 2.23 3 1.230
7.COD 3 2.1129 1 9.631 0 2.50 3 1.227'

7.50 2.603 1 9.81.2 0 2.80 3 1,222
8.oo0 3 2.776 1 1.010 1 3.15 3 1.216
8.500 3 2.950 1 1.042 1 3.56 3 1.209
9.000 3 3.123 1 1.077 1 405 3 1.202
9.500 3 3.297 1 1.13.2 1 11.59 3 1.195

1.000 Is 3.1170 1 1.111 1 5-20 3 1.189
1.100 It 3.817 1 1.195 1 6.51 3 1.180
1.200 11 1.164 1 1.220 1 7.83 3 1.176
1.300 11 1.511 1 1.221 1 9.05 3 1.176
1.4100 11 1.858 1 1.213 1 1.00 11 1.178

1.50D 1. 5.205 1 1.49 1 1.09 11 1.181

25
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TALI U N01W.L 8SOCK P41ATIONS AT A SU1L-VI. .

T_____ 101/pa/T I'l Cal/go bas

1.718 6.17:L 1 1,146 z 1.33 14 1.191
r.995 4 6.9241. 1.=12 114 I.5 M119
2.239 4 7.769 1 1.2 1 1.7 1. 1.0197
2.512 4 8.717 1 1.110 1 2.07 4 3.198

-3.1621 1.0lo97 2 10105 1 12.96 4 10199
3.548 Is 1.231 2 1.084 1 3.48 74 1.203
3.981 1, 1.382 2 1.o6 1 . .0 o2S
4.467 4 .1.550 2 1.o037 1 4.67 s 1.213-
5.012 4 1.739 2 1.022 1 5.5 4 L216

*5.623 11 1.951 2 1.017 1 6.147 11 1.217
6.310 4 2.190 2 1.016 1 7.76 4 1.217
7.080 4 2.157 2 1.012 1 9.32 4 1.218
7.9h3 4 2.757 2 1.002 1 1.1 5 1.221
8.913 4 3.093 2 9.906 o 1.33 ] 1.2a

1.000 5 3.470 2 9.803. 0 1.59 3 1.226
1.122 5 3.894 2 9.681 0 1.90 3 l229
1p;59 5 4.369 2 9.546 0 2.28 5 1.233
1.A.12 5 4.902 2 9.384 0 2.71 5 1.237
1,585 5 5.500 2 9.2 0 3.23 5 1.2.I

1.78 5 6.171 2 9.03 0 3.82 5 1.27
1.995 5 6.921 2 8.842 0 1.19 5 1.253
2.239 5 7.769 2 8.615 0 5.23 5 1.261
2.512 5 8.717 2 8.370 0 6.03 3 1.270
2.818 5 9.781 2 8.o88 o 6.81 5 1.281

A
3.162 5 1.097 3 7.761 0 7,62 5 1.294

* 0%

o.•o

*. 0

"-" 26 ,.

-.-.. A". .-
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0 0

*. .. '-..-.....;..._._.__.-.-.. -_..._.__.

XAYORD WOR 60" 6 0

TAI nl VDI SHXK MJATM AT 50$000 FJQ."-,T.".. .- '.. '.'_

T OK ?a-Po, Pat Pu/lo  U/PON .-. -

2.000 1 91.71 . 5.843 1 6.980 o
2.200 3 1.103 2 6.623 Z T.'118 0
2 2..- 0 3 1.241 2 7.839 2 17.88 o
2.6oo 3 1.38 2 8.308 1 8.29 0

2-1180 3 1.4.01 2 9.322 1 1.374 10

3.000 3 1.719 2 2.c3 2 9.1 0. o
3500 3 1.9U 2 1.890 2 9.61 0 .. . .--
300 3 2.126 2 1.266 2 1.013 1 -
3.00 3 2.363 2 1.407 2 1.o61 1 "
3.00 3 2.69 2 1.63 2 1.820 1. .

U, ooo 3 2.854 2 1.720 2 1.z7k I

7,200 3 3s177 2 '1.92 2 1.221 1 -

4.400 3 3.62 2 Z.056 2 219 1 :-
8.500 3 3.72 2 2.222 2 1.829 1 -. - . -.

9.o00 3 4.35 2 2.382 2 2.135 1 " -

9.000 3 4.57% 3 2.936 2 1.419 1.

1.00 '.7 3 1.088 32.9 2.89 2 1-1

6.WO 3 5.520 2 3.27'3 2 1.6o9 1 -,.-i ". -.
•6.-5o 3 6.255 2 3.707 2 1,.1. 1 ..

7000 3 7o169 2 1.247 2 1.829 1 -

7,5400 3 8.3o6 2 U.M 2 1.96, 1
8.(000 3 9.699 2 5. 4$3 2 2.1B I :.-..-.-.'-.
8.500 3 1.133 3 6.70 2 2.282 19.000 3 1.31.5 3 '7.788 2 2.4,57 1 ,.-.-.:;.- ?----;:-

1.1oo 4 2.o69 3 1.22 3 3.073 1 """-.''. . • . ' - -

1.300 11 2.590 3 1.532 3 3.442 1
*1.1400 1 2.797 3 1.6541 3 3.580 1

• o -.. o -

I -500. 3.003 3 1.7M 3 3.71 1 S

S. .. . ......

.;-..--. ..-

. . . . . .. . . . . . . . . ........ 27.......-. ......--

.* - .. ..... 9

,-* --



T 00 0ipo po 0Ip U

1.995 h-3990 3~1 6ol .0

2 .239k 531993 3.160 3 4-963 1

2.512 1. 6.522 3 3.856 3 5.1.8) 1

*3.162 Is 9.253 3 5.170 3 I 6.54.8 1.
3-5148 1. 1.060 h 6.271 3 7-025 1
3.981 Is 1,215 1. 7.3M 3 7.533 1
4.46T It 1.1.25 II 8.1.29 3 8.162 1

*.5.012 It 1.T21 11 1.017 1. 8.966 1. 7 7 ..-

06.310 h 2.5381. 1.5001. 1.08 2.0 0 S
7.060 1.3.033 1. 1.793 1. 1.191 2
7.91.3 1'3.635 1. 2.11.9 1. L304. 2
8.913 is 4.,383 1. 2.591 1. 1.132 2

1.000 5 5.288 1. 3.126 1. 1.571 2
1.122 5 6.336 1. 3-7115 1 1.72% 2 _____________

1.1.13 5 8.986 1. 5.312 1. 2.056 2
1.585 5 1.o69 5 6.32A 1. 2.24.5 2

1.778 5 1.251t 5 7..) . 2.4.31 2
1.995 5 1.1.53 5 8.593 1. 2.625 2
2.239 5 1.656 5 9.791 1. 2.808 2
2.512 5 1.857 5 1.098 5 2.962 2
2.818 5 2.04.7 5 1.210 5 3.11.12 S

3.162 5 2.263 5 1.337 5 3.3114 2

. . . . . . . . . .



- :.b..l

NAVORD. IMPO,

i . - .~ S::'ii .- "S

TABI. III OAL 8.CK PZATISAT 5cO Fu.r:.. -

K, . '. :'::7.. . :. .... .

T OK TS/? 0  fs/fo EsC&lg . . . .. .. . . . . . . . .. . . . . . . . .

2.000 3 9.231 0 6.330 1 I.09 2 1.335 , O
2.20w 1.01-5 3 6.522 1 4.60 2 1.328
2.40o 3 ),.108 1 6.712 1 5.13 2 1.320
2.600 3 1.20 1 6.912 1 5.71 2 1.3122.800 3 1,292' 1 7.126 1 6.33 2 1.304 c , ,

3.000 3 1.385 1 7.36o 1 7.02 2 1.295
3.200 3 1.477 1 7.626 1 7.79 2 1.285 . *
3.00 3 1.569 1 7.916 1 8.66 2 1.27.:
3-600 3 1.662 1 8.223 1 9.62 2 1.26'.
3.80o 3 1.754 1 8.5-47 1 1.07 3 1.25-•

1..000 3 1.846 1 8.822 1 1.17 3 1.2%- .
4.200 3 1.939 1 9.083 1 1.29 3 1.239
4.4O 3 2.031 1 9.301 1 1.4i 3 1.233
4.600 3 2.123 1 9.473 1 1.52 3 1.229 L S •
4.8oo 3 2.215 1 9.6o 1 1.63 3 1.226

5.000 3 2.308 1 9.6c2 1 1.73 3 1.22"
5.500 3 2.539 1 9.820 1 1.98 3 1.221
6.000 3 2.769 1 9.904 1 2.23 3 1.219
6.500 3 3.000 1 1.016 2 2.53 3 1.2)A.
7.000 3 3.231 1 1.050 2 2.90 3 1.207 L O _ *
7.500 3 3.h62 1 1.05 2 3.36 3 1.198 -. .

8.000 3 3.692 i. 1.1147 2 3.94 3 1.138.
8.500 3 3.923 1 1.201 2 4.62 3 1.179
9.000 3 4.15) 1 1.249 2 5.33 3 1.172
9.500 3 4.385 1 1.257 2 6.19 3 1.166
1.000 Is 4.616 1 1.31) 2 7.01 3 1. 63 ......... ..

1.1001 5.077 1 1.333 2 8.49 3 1.61
1.00 4 5.539 1 1.320 2 9.65 3 1.163
1.300 It 6.o00 1 1.251. 2 1.05 3. 1.166
1.1400 1. 6.1462 1 1.267 2 1.13 ~ 1.170

1.500 4 6.923 1 1.24 2 1.2214 1 17.

9 ...

................. =......."......- ...
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NAVORD R ORT 6075 .

TABIS 1:1 MNI AL SHOCK RkLATIONS AT 50,000 F'ET

, OK T/To ,o E cal/g,

1.585 4. T.315 1. 1.226 1 1.29 1& L176
1.778 f, 8.208 1 1.20T I l.9 I 1.16
1.9,)5 4 9.209 1 1.199 1 1.78 4 1.181
2 239 14 1.033 2 1.194 1 2.16 14 1.182
2.512 4 1.159 2 1.183 1 2.63 14 i.182.

3.1.62 4 1.460 2 1.126 1 3.71 4 1.194 .

3.548 4' 1.638 2 1.080 1 14.23 14 1.204

3.961 4 1.837 2 1.048 1 4.84 4 1.210
4.467 4 2.062 2 1.035 1 5.67 4 1.213

. 5.012 4 2.313 2 1.039 1 6.85 U 1.212

5.623 14 2.595 2 1.042 1 8.36 i 1.211

6.310 4 2,912 2 1.038 1 1.01 5 1.212 O

7.080 4 3.268 2 1.027 1 1.20 5 1.215

7.943 4 3.666 2 1.020 1 1.44 5 1.216

.9i 14 4.114 2 io16 1 1.71t 5 1.217

1.000 5 14.616 2 1.010 1 2.10 5 1.219

1.122 5 5.179 2 1.000 1 2.51 5 1.221
1.259 5 5.811 2 9.880 0 3.00 5 1.224
1.1412 5 6.520 2 9.717 0 3.55 5 1.228
1.585 5 7.315 2 9.589 o 4.22 5 1.232

1.778 5 8.208 2 9.371t 0 ,.9 5 1.238

1.995 5 9.209 2 9.12 0 5.7. 5 1.24.5
2.239 5 1.033 3 8.808 0 6.47 5 1.255
2.512 5 1.159 3 8.463 0 7.22 5 1.267
2.018 5 1.301 3 8.079 0 7.90 5 1.282 p

3.162 5 1. ,0 3 7.687 0 8.51 5 1.304 .: .

-- , , * " So. " .

l S
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1wAvoRD REP0RT 6o73

TAMZ 11 p)RXAL SmCK RIATIOIs AT o,0 r=.

[-..: ,.~ oc Ps-Io, pi ,./Po ulCO ."' .---. ,.'". -'

2. :I8 .5OT 0 5.405 1 6 .T13 0 •O O
2.200 3 9.703 0 6.151 1 7.148 0 " .
2.400 1 "113' L 6.%4 L- 7.589 0

2.600 3 1.249 1 7.889 x 8.o56 a -2.80)0 3 1.42' 1 8.977 1. 8.566 o'i- "" '

3.000 3 1.631 1 1.027 2 9.131 0. .
3.200 3 1.878 1 1.181 2 9.757 0
3.400 3 2.i63 1 1.358 2 1.042 1
3.600 3 2.471 1 1.551 2 1.110 1

3.800 3 2.793 1 1.751 2 1.117 1

4.000 3 3.085 1 1.933 2 1.235 1
3.200 3 3.357 1 2.103 2 1.288 1
4.400 3 3.600 3. 2.255 2 1.333 1
4.600 -3 3.821 1 2.3932 1.373 1 0' 0 ,O
4.8W0 3 4.029 1 2.523 2 1.4101 .. ..... .

5.000 3 4.239 1 2.654 2 1.446 1 ' . *

5.500 3 4.840 1 3.028 2 1.543 1
6.oo 3 5.668 1 3.5145 2 1.667 1 :. - - " -I.--
6.500 3 6.829 1 4.269 2 1.824 1
7.000 3 8.5 1 5.232 2 2.013 1

7.500 31.028 2 6.1423 2 2.225 1
8.000 3 1.2.42 2 7.758 2 2.440 1
8.500 3 1.458 2 9.106 2 2.641 1 ... .:,,,.,,9.000 3 1.655 2 1.033 3 2.812 1

9.500 3 1.820 2 1.136 3 2.94.9 1

1.000 % 1.952 2 1.218 3 3.055 1 0 . • O
1.100 %4 2.157 2 1.3146 3 3.215 1 -.

1.200 14 2.345 2 1.I 4 63  3 - 3.355 1
1.300 4 2.56o 2 1.597 3 3.50" 1"-." .."-" -

1.400 14 2.822 2 1.761 3 3,685 1 -- '. -

1.500 % 3.126 2 1.950 3 3.880 1 .......
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NAvoRD DZPR? 607,

y.°

TABL& IV 3OWAL ShOCK J A M IOES N ? lATOOO0 F": '

T oK ps-po, psl

185 2.3j-h&3 2 2.24.7 I h.07 L
1.T8 4 4.3o5 2 z.686 3 4.551 I
.995 4 5.212 2 3.385 3 5. 0 1]

2.239 1. 6.680 2 4-166 3 5.67 1
2.512 I 7.856 2 ).900 3 6.16 I.

2.818 4 8.8512 5.521 3 6.558 1
3.162 9.901 2 6.179 3 6.95o
3.51.8 12 1.139 3 7.10 3 7..63 1
3.901 2I 1.391 3 8.679 3 8.243 1

.67 14 1.736 3 1.082 2. 9.202 1

5.012 is 2.116 3 1.320 fA 1.016 2
.5.623 13 2,502 3 1.561 I 1.106 2

6.310 4 2.983 3 i.86o .' 1207 2
".080 It 3.623 3 2.262 Is 1.331 2
7.9-.3 It 4.12 3 2.751 2 L"9 -2

".913 :5-2W3 3 3.299 . 1.609 2
1 .00 5 63541. 3 3.963 2 1 .7 2 -

.122 5 7.622 3 U..0753 2 1.933 2
1.259 5 9.02.2 3 5.639 %. 2.M0 2
.. 112 5 1.061 Is 6.635 Is 2.288 2

1.585 5 1.238 2. 7.725 %. 2.1.71 2
1.778 5 1.399 4~ 8.728 2. 2.632 2 .*

1993 5 1.547 It 9.6.1 %. 2-775 2.
2.239 5 1.682 14 1.02.9 5 2.903 2
2.512 5 1.804. 1 1.12.5 5 3.017 2

*2.818 5 1.92h. 2 1.200 5 3,128 2
3.162 5 2.033i 2 1.269 s 3.231 2

32
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- -. .-

ro

.**u w".'" .. .. ..

T.] I NOWA.L 6 X RIATNS AT W W -.- -.. . -

2.0 Tg/To to/a to --V Ir-e

2.000 3 8.596 o 6.289 0 4.096 2 2-335
2.=0 3 9A155 a 6.ipl a h.623 2 1.~27
2.1400 3 1.032 1 6.739 0 5.2M 2 1,317
2.600 3 '.U7 1 7.025 0 5.870 2 1.o305
2.8C 3 1.203 1 7.376 0 6.663 2 1.291

3,000 3 1.2?? 1 .7.79 0 '.616 2 1.276
3.200 3 1.375 1 8.289 0 8.767 2 1.260 O .
3.A0 3 1.461 8.807 o 1.009 3 1.21A1
3.600 3 i.54.7 1 9.295 0 1.153 3 L231
3.800 3 1.633 1 9. -20 0 1-301 3 1221

4.000 3 1.719 1 9.994 0 11438 3 L215
.200 3 1.809 1 1.07 1 1.56a 3 L209 , ,

41.1W. 3 1.891 1 1.027 1 L67% 3 1.2D9.
4.6o 3 1.977 1 1.030 1 1.774 3 1.2o9
4.8W 3 2.o63 1 1.032 1 1.868 3 1.209

6.500 3 2.79 1 1.165 1 31962 3 1.2097.0003 2360 1 1.5 1 3 "8913 1.1266.000 3 2.5"79 1 1.095 1 2,622 3 LI --1
6.500 3 2.794 1 1.165 1 3.1-66 3 1.1- -85,-,-;:-:

! :7.000 3 3.009 1 1.251 1 3.891 3 2.172

7.500 3 3.223 1 1.339 1 1.805 3 1.159
8.000 3 3.4.38 1 1.1.12 1 5.625 3 1.251
8.500 3 3.653 1 1.459 1 6.848 3 L1159.000 3 3.868 1 1,480 1 7.769 3 1l13 --9.500 3 4.083 1 1.1.80 1 8.52? 3 I. A "

1.000 k. 4.298 1 1.1.67 1 9.-29 3 LI,.50 -
1.100 4 4.728 1 1.425 1 1oo5 %.150
1.200 1. 5.158 1 1.337 1 1.0891 4 L151
1.300 4 5.587 1 1.363 1 1.1B7 1 1.157*ho 1.006017 1 1351 1 13081 1L159.

O'-- ' 1.500 4 6.1447 1 1-3 l 1 ~ k i .101 ' '" "'"

... ,. . , . -. , ,
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*.., 77I77777777 7 : -C.K ::

!...,33

[°



r4.°

WAORD RZPOFI 6075

TABU IV MORML 8H3CX RELATIONS AT 100,000 'O

T, O,/ ,o , T, car,...a

1.585 4 6.812 1 1.348 1 1.59 k 1.1-9
L778 4 7.643 1 1.356 1 1.99 4 1.158
1.m9 1&. 8.576 1. 1.35L L 2.51 1*. 1615a
2.239 4 9.622 1 1.322 1 3.08 4 1.163
2.512 4 .1.080 2 1.270 1 3.61 it 1.170

2.918 4 1.211 2 1.207 I h.04 14 1.1803.162 4 1.359 2 1.159 1 4.51 4 1.188 03.548 4 1.525 2 1.132 1 5.18 4 1.193
3.981 4 1.711 2 1.142 1 6.3 4 1.191
4.467 14 1.920 2 1.156 1 7.92 14 1.89

5.012 4 2.154 2 1.152 1 9.65 4 1.189
5.623 4 2.417 2 1. 132 1 1.13 5 1.1936.310 4 2.712 2 1.123 1 1.35 5 1.195
7.080 4 3.043 2 1.126 1 1.65 5 1.19 1
7.943 4 3.414 2 1.125 1 2.00 5 1.191
8.913 4 3.830 2 1.115 1 2.40 5 1.196
1.000 5 4.296 2 1.108 1 2.88 5 1.1991.122 5 4.822 2 1.098 1 3.46 5 1.2001.259 5 5.410 2 1.080 1 U.09 5 1.203 -

.1412 5 6.071 2 1.058 1 4.81 5. 1.208
1.585 5 6.812 2 1.035 1 5.58 5 1.213
1.778 5 7.643 2 9.962 0 6.28 5 1.222
1.993 5 8.564 2 9.514 0 6.90 5 1.23-
2.239 5 9.622 2 9.032 0 7.45 5 1.249
2.512 5 1.080 3 8.541 0 7-9.? 5 1-265

2.818 5 1.211. 3 8.069 o 8.39 5 1.283 54
3.162 5 1.359 3 7.583 0 8.79 5 1.30

34'
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TABL V OW,8MCK REJA '18 AT 150,000 FIET

F','

1*po Pa1a?*./.

2.000 3 9.243 -1 ,.449 1 6.088 o
2.200 3 1.067 o 5.121 1 6.515 0

2.4oo 3 1.23? 0 5.925 1 6.983 0
2.6oo 3 1.456 0 6.953 1. 7530 0
2.0 3 .741 0 8.293 1 8.180 0 .*

3.C00 3 2.096 0 9.967 1 8.921 0
3.200 3 2.505 0 1.189 2 9.W102 0
3.ACo 3 2.925 0 1.386 2 1.044 1:3.6oo 3 3307 0 1.566 2 labs i.

S3.800 3 3.630 0 14718 2 1.160 1.-

6.00 3 3.882 o 1.837 2 1.199 1
4.2W 3 2.025 o 9.5,i1 2 1.233 1
4.400 3 4.317 0 2.041 2 1.265 1
S.6w 3 4..p o 2.119 2 1.98 1.4 -SW 3 4.8o o 2,271 2 1.332 1 .

5.000 3 5. 17 0 2,18 2 1.376 15.500 3 6.221 o 2.937 2 1.012 1

6.00 3 7.955 0 3.753 2 1.703 1
6.500 3 1.035 1 X83 2 1.935 1
. . . . . .. 3 1... . 6.235 2 2.... 1
T.5W 3 i.6u 1 7..59 2 2.403 1 .,
8.o00 3 1.851 1 8.72 2 2.575 1 .,":,: -,..

: 8.500 3 2.025 1 9.543 2 2.69k I ....... ,-.----
.9.000 3 2.152 1 1.013 3 2.778 1 -. ........
;- '9.500 3 2,257 1 1.063 3 2.847 1 .:. .- '-'

;- .1,000 4 2.359 1 1,111 3 2,91 1
i,"11100 k 2.6oi 1 1.25 3 3.061 1

4;120 2.931 1 1.380 3 3.251 1
1,300 4 3,375 1 1,589 3 3.487 1
1.40l~k0 It 3,939 1 1,854 3 3.766 1- O. . •

"':': 1,500 4 4.6u1 i 2,171 3 . 4 ,073 1 .'. ..".."...":

:" • i ..',''," ,'.''.''.'.." .'.''-''-;.,3,



NAVOIC R W3 6075I.

TABIZ T WiJFAQ SBXK REIATIONS AT 150,000 F1"

To, OIL e,..o, P. e, le ulc

1.585 4 5.218 1 2.456 3 14.332 1
1.778 4 6.690 1 3.149 3 4.90 1
1.995 4 8.058 1 3.793 3 5.391 1
2.239 4 9.073 1 4.270 3 5.732 1
2.512 1 9.872 1 4.646 3 5 .94 1.

2.88 4 1.095 2 5.157 3 6.326 1
3.162 4 1.316 2 6.197 3 6.93 1
3.548 1& 1.669 2 7.858 3 7.801 1
3.981 4 2.092 2 9.847 3 8.729 1
4.4.67 14 2.1480 2 I..167 4 9.51 I

0 5.012 4 2.886 2 1.358 4 1.027 2
5.623 4 3.489 2. 1.612 4 1.129 2
6.310 4 4.320 2 2.033 4 1.255 2
7.080 4 5.196 2 2.445 4 1.377 2
7.943 4, 6.20:8 2 2.921 Is 1.506 2 i'

8.913 14 7,534 2 3.545 14 1.659 2
1.000 5 9.029 2 14.249 14 1.817 2
1.122 5 1.o69 3 5.031 4 1.919 2
1.259 5 1.25 3 5.912 14 2.17 2
1.1413 5 1.129 3 6.726 u 2.29. 2

1.585 5 1.577 3 7.422 4 2.1t16 2
1.778 5 1.707 3 8.035 h 2.521 2
1.995 5 1.819 3 8,563 4 2.611 2
2.239 5 1.924 3 9.056 4 2.695 2
2,512 5 2.032 3 9.566 14 2.781 2
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WAORD H=RT 60"

tZ V XRKAL SEOCK ZATIONS AT 150,OD0 FE" '

T6 a X Ta/TO t's'po i~ al/g

2.000 7 1.196 Q 6.1=9 a 4,Uh 2 1.33)-
2.200 3 7.918 0 6.455 0 4..68 2 1.32"
2.10o0 3 8.638 o 6.816 o 5.37 2 1.308.
2.600 3 9.357 0 7.317 0 6.28 2 1.288
2.800 3 1.007 1 7.977 0 7.147 2 1.265

3.000 3 1.079 1. 8.746 o 8.98 2 I.22 , -
3.200 3 1.151 1 9.5o9 0 1-o7 3 1.222
3.10 3 1.223 1. 1.013 1 1.24 3 1.209
3.600 3 Lm 1 1.15 1 1.4 3 1.201
3.800 3 1.367 1 1.O7 i 1.54 3 ..198

3-000 3 1.439 1 11o'8 1 1.6. 3 1 i9
4,.00 3 7 1 3 1.•
.-4 63 1 1.072 1 1.82 3 ..199

4,6 73 1 1.91 3 10199
4,,8Wo 3 7 1-079 1 2.02 3 ..198

8.000 3 1.799 1 1..2 1 7.15 3 1.196
5.500 3 1.979 1 1.1362 1 .6 3 1.131
6.0oo 3 2:159 1 1.282 1  3.36 3 1.i66 "
6.500 3 2.339 1 1.k5 I 1& 4 3 1.19

1.000 34 3.519 1 1.5235 1 9.6 3 1.139

7.500 3 2.699 1 1,605 1 6.86 3 1,131
8.000 3 2.879 1 1.626 1 7.8T 3 1.1140"""."--'--.-
8.500 3 3-059 1 1.613 1 8.59 3 1.131-9.000 3 3.239 1 1.58 1 9.11 3 1.134 i '-:' ''" -
9.500 3 3.k19 1 1.552 1 9.54 3 1.137 .. ... .

1.000 4 3.599 1 1.524 1 9.96 3 1.139 •'. 'i"

1.200 4 4-.319 1 1.477 1 1.23 1. 11A.
1.30o 4 4.678 1 1.487 1 1.42 4 1.1343
1.400 14 5.038 1 1.5o6 1 1.66 4 1.1-41

1.500 I.J_5398 1 1.524 1 1. 14 1.139 * 0
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XAV0JUD RIR 6073

TABLZ V ROF04AL SHCK RIATIOXS .AT 50000 ? .....

1.585 4- 5.'7 L 1,.53. L 2 A, 1.139
1.778 34 6.14oo 1 1.523 1 2,82 4 1-139
1.995 is 7.181 1 1.347 1 3.38 215, .
2.239 Is 8.057 1. 1.390 1 3.79 4 ,.15-.
2.512 34 9.0l0 1. 1.307 1 4.0 34 1.2.65
2.818 I 1.01. 2 1.254 1 3.53 Is 1., 173
3,162 34 1.138 2 1.26o 1 5.45 34 1.172
3.5148 34 1.277 2 1.289 1 6.94 34 1.167
3.891 34 1.432 2 1.299 1 8.70 34 1.166
4.467 k 1.60T 2 1.24 1 1,02 5 1.170

5.012 3 1.803 2 1.247 1 1.19 5 1.174
* 5.623 Is 2.023 2 1.2501 1.oi3 5 1.173

6.310 34 2.27 2 1.261 1 1.79 5 1.171
7.080 34 2.548 2 1.251 1 2.15 5 10173
7-943 34 2.858 2 1.2341 1 2.56 5 1.173

8.913 34 3.207 2 1.2340 1 3-U 5 1.173
1.000 5 3.599 2 1.228 1 3.72 3 1.l7T -7

1.122 5 4.038 2 1.208 1 4.40 5 1.180 _ __

1.259 5 4.531 2 1.184 1 5.16 5 .13
*1.3412 5 5.084 2 1.142 1 5.85 c 1.192

, 1.585 5 5.704 2 1.069 1 6.42 5 1.202
1.78 5 6.400 2 1.031 1 6.91 5 1.215
.995 5 7.181 2 9.?'D 0 7.32 5 1.230 . . . . . . '.-'
2.239 5 8.057 2 9.107 0 7.68 5 1.247
2.512 5 9.040 2 8.561 o 8.o0 5 1.264 .

*0 0 0
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NAO7 -. ~ 6075

2,0 3 1.8 -1 5.o .2

12.00 3 3&YQ95 -1 R 67 ,

3.200 3 1.83 -1 5.316 1 1.9217 0

3.200 3 259 -1 6.55824 1.53 01

2-u 60 5~ .758 -1 8.5 2 1.319 1

32.800 3 6.2325 -1 1.8 2 9.217 I ~ *

13.000 3 64.6o6 -.1 1.31 2 1.212 1

3.000 3 6.942 -1 21125 2 1.2803 1

4.2400 3 5.728 -2. 12.549 2 1-355
3.600 3 6.255 -1 1.510 2 126 2

3.800 3 6.636 -1 2.017 2 1.255 1

2.000 3 6.8142-1 2.9B2 2 1.52821

5.500 3 1.3050 3.64 2 1.3146 1 0

62..000 3 17822 0 2.3425 2 1.3k I

64.500 3 2.255 0 2.517 2 12330 1

114.o00 3 8.938 0 2.797 2 12580 1

7 .500 3 1320 0 3.96 2 2.7396

6.00035031.8 0 5.02 2 3 2.837 1 h

8.500 3 2369 0 7.187 2 2.33.

7.000 3 3.807 0 1.166 2 2.58 1

9.500 3 3.020 0 9122 23395 1

8.000 3 3.503t 0 1.02 3 3.837 1 ..

8.500 3 3t.677 0 1.53 3 3.389 1 .

9-500 3 524T. 0 1.82 3 3.03 1

1.300 247.251 0 2.197 3 4.496 1

* 1.2002. 8.792 0 2.662. 3 .29 1

1.Z0 2 1.0241 1 3.15?z 3 4.892 1

1*0 0

39
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TABLE VI !M1RMAL SHC[ RELATIONS AT 200,000 FEET

T xP 5-P0 , psi Ps/oUfeo

1.585 Is1.165 1 3.530 3, 5.3177 2-
1.776 14.Z386 I ls,2u 1 5;.6" 1

2.2 ' 1.629 1 1.938 3 6.160
2.512 41.799 1 5.1452 3 6.4184 1

2.818 is 2.190 1 6.636 3 7.150 1 1 0 .0
-3.162 11 2.856 1 I 8.655 3 8.151. 1

*3.5118 1. 3.577 1 1.083 1. 9.123 2.
3.981 h-. 1.1641 . 1.261 '1 9,85hi 1
4 1.167 is 1-798 1 1.1153 14 1.058 2

*5.012 145.885 1 1.782 1. 1.172 2

5.623 11 T.310 1 2.211 h 1-3(65 2
6.310 11 8.73T 1 2.6416 11 1.1128 2
7.080 74 1.011 2 3.161 1 1.562 2
7.9113 14 1.277 2 3.869 11 1.727. 2

8.913a h 1.528 2 1.631 11 1.890 2
1,000 5 1.816 2 5.501 11 2.061 2
1.122 5 2.132 2 6.1159 11 2.235 2
1.259 5 2.397 2 7.262 11 2.37112 S
1.4112 -5 2.619 2 7.935 11 2.Ii88 2

1.585 5 2.812 2 8.519 11 2.585 2

110



NAVOIM REPoR 6075 ~ ~ -

!ADIZ VI UJIORAL 8B)CX RZIATIOXS A? 200,000 Mr1

4a OX To/To f.'to Es CaI/gs

t - "-

2.=00 3 T.a78 0 6.296 0 .14 2 1.332
2.00 3 5.665 o 6.666 0 i,80 2 1.316
2.oo 3 9.,53 0 T.23& Q 5.T a L.2ge
2.600 3 1.024 1 8.077 0 7.04 2 1.262
2.80 3 j 1.102 1 9.101 0 8.80 2 1.232

3.000 3 1.181 1 1.039 1 1.08 3 1.209
3.2w 3 1.260 1 1.082 1 1.28 3 1.1"951.339 1 1.119 1 1." 3 I.- .

3.600 3 '.418 1 1.126 1 1.55 3 1.1,
3IW .496 1 _ 1 1.64 1190

)4.000 3 1.575 1 1.112 1 1.72 3 1.191
4.200 3 1.654 1 1.108 1 1.31 3 1.193'
4.AO 3 1.733 2 1.111 1 1.91 3 1.192 -
I,.600 3 1.811 1 1,125 1 2.01. 3 1.185
k.8o0 3 1.890 1 1.152 1 2.21. 3 1.185

5.000 3 1.969 1 1.193 i. 2.43 3 1.1795.50W 3 2.166 1 1.31,7 1. 3.25 3 1.157 '.:.::i
6*ooC 3 2.363 1. 1.530 1 it.)47 3 1.138
6.500 3 2.560 1 1.676 1 5.-94 3 1.126
7.000 3 2.757 1 .7146 1 7.28 3 1.M20

7.500 3 2.954 1 1.43 1 8.,,. A 1.121
8.000 3 3.151 1 1,7o6 1. 8.76 3 1,124-
8.500 3 3,348 1 1.662 1 9.17 3 1.127
9.000 3 3.5.5 1 . . 9.58 3 1.130
9.500 A 3.7)42 L 1.596 3. 1.00 4 1.133

1.000 14 3.939 1 1.580 1 1.o6 4 1.194 M'

1.100 k 4.332 1 1.I51 1 1.23 1. 1.135
1.200 I 4.726 1 1.613 1 IA7 4 1.132
1.300 1 5.120 1 1.654 1 1.30 .- 1.128
1.2.00 1 5.514 1 1.684 1 2.18 14 1.126

1.500 1 5.908 1 1.692 2.59 .. 5"

- r 0

• - ; •- -

.0...-..-..- .........-.-.2--.

[O "":. " " " --- --- . 0 .
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WAVORD EPORT 60 7s

TABIX VT NOLA, 8CHDCK RZIATIONS AT 200,000 r.,

1.585 4 6.242 1 1.680 1 2.89 4 1.126

1.778 h 7.001 1 1.612 1 3.43 4 1.132
1.995 4 7.859 1 1.5fl 1 3.76 is 1.11"
2.239 4 8.818 1 1.12 1 h.oo 4 1.152
2.512 1 9.894 1 1.352 1 !.40 • 1.159 .
2.818 4 1.110 2 1.366 1 5.38 Is 1.157

.,.- 1.245 2 1.&18 1 7.04 14 1.151 . -
3.548 4 1.397 2 1.423 1 8.80 it 1.150 -
3.961 1 1.568 2 1.383 1 1.02 5 1.155
4.467 It 1.759 2 1.350 1 1.17 5 1.159

5.012 4 1.97 2 1.364 1 1." 5 1.15 7
5.623 1. 2.215 2 1.378 1 1.79 5 1.156
6.310 1, 2.185 2 1.363 1 2.U t 1.158 . .- "...
7.080 1. 2.788 2 1.354. 1 2.56 5 1.159
7.943 4 3.128 2 1.358 1 3.13 3 1.158 ." "

8.913 Is 3.510 2 1.3n" 1 3.71 5 1.160
1.000 5 3.939 2 1.327 1 h.h 5 1.162 5 5 •
1.122 5 4.419 2 1.299 1 5.20 5 1.1m.
1.259 5 h.958 2 1.2145 1 5.82 5 1.17..
1.4.13 5 5.564 2 1.181 1 6.33 5 1.185 -

1.585 5 ',242 2 1.113 1 6.75 5 1.197 -. -'

. ............ ...-..-. . .

* . .. •. % . . "

..... ...... ...... ....... ...... ........ :.....

* . I 0 0 °:- 0 .L

-. ....( ... .•
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7.ABIZ Vn I OR14AL SW)CK REILtTIDIS AT 250,000 YFET

K a..PO, psi. Pg/Pa U/C*

2.000 3 2.236 -2 6.722 L. T.46T 0
2.200 3 2.727 -2 8.172. 1 8.182 0

2.6400 3 U3.29 2 1.1.39 2 1.0014
2.600 3 5.8593 -2 1.769 2 1.0169 1

3.000 3 6.08 -2 2.078 2 j 1.M7
3.200 3 7.742 -2 2.302 2 1.331 1 0

3MOD0 3 8.2411 -2 2.4.51 2 1.380 1
3-F,00 3 * 8.65T -2 2.573 2 1.4.15 1
3.800 3 9.083 -2 2.700 2 1.2.50 1

4.000 3 9,603 -2 2.853 2 1.1491 I
i..200 3 1.028 -1 3.055 2 1.54.2 1 -

4.2400 3 1.121 -1 3.330 2 1.6081 e
4.600 3 1.24.8 -1 3.706 2 1,694 1
4.800 3 1.1419 -1 4.212 2 1.802 1

5.000 3 1.639 -1 4.865 2 1.931 1.
5.*500 3 2.399 -1 7.1-13 2 2.323 1

* 6.000 3 3.30 -1 9,803 2 2.719 1 ____________

6.500 3 4.015 -1 1.190 3 2.991. 1
7.000 3 4.02-1 1.3043 3.136 1 0

7.500 3 h.633 -1 1.3't2 3 3.220 1
8.000 3 2.1 -1 1.2.35 3 3.296 1
8-500 3 5.103 -1 1.51-2 3 3.385 1
9.000 3 5.4.50 -1 i.63. 3 3.500 1
9.500 3 5.920 -1 1.753 3 3.62.7 1

1.000 u~ 6.538 -1 j 1.936 3 3.832 10
1.200 ii 8.206 -1 2.52 3 4.307 1
1.100 It 8.280 0 3.152 3 4.837
1:300 41.329 0 3.938 3 5.4.50 1
1.2400 14 1.570 0 4.651 3 5.9Xis I

1.501 J 1.7%18 015179 3 1 6.255 11

143



.. -- ' .. ... . -. .

TABUC VII JIOWI;, SBDCK RElATIONS AT 253,00 TU :" "

_"_._._"- .- . ..-

Ts OIC F-po, Ipa/P U0

1.585 ?44 1.8712 OL 5.455 3 6.kn2 1.
1.778 4 1.9T7 0 5.855 3 6.672 7L
1.k.5 1 2.066 0 6.178 3 6.8,o
1.239 It 2.34 O 6.824, 3 7.232 1
2.512 Is 2.883 0 8.538 3 8.082 1

2.818 % 3.841 0 1.137 6 9.31, I
3.162 1. h.775 0 1.41h It 1.038 2 -

3.548 4 5.419 0 1.6ok 4 1.10T 2 - -

3.981 4 6.23 0 i.81 4 1.18T 2
4,.46T 4, 7.790 0 2.3o6 s 1.328 21

5.012 1 9.77T1 0 2.879 Is L.,83 2
5.623 4 1.'3T 1 3.369 4 1.606 2 . 6 0
6.310 7 1.,>13 1 4.067 4 L76 2 . . . .. -

7.080 7 1.6,, 1 5.018 4 1.959 2 . *.

7.93 7. 2.017 1 5.W5 71 2.139 2 "

8.913 7 2.%1U 1 7.111 7 2.339 2

hit....

• * -. - t .

;. .. :::.....-..-. ..



2.000~~ 3 0.-L 1 0.9 .4 2 1

2.0003 1.2151 8.25T0 6.59I 2 1.3259

2.6100 3 1.209 1 9.251 0 6.70 2 1.229
2.800 3 1.322 1 96 0 111 3 1.220

*3.000 3 1.523 1 1.170 1 1.32 3 1.181
3.200 3 1.625 1 1.190 1 1.346 3 1.178
3.1100 3 1.727 1 1.183. 1 1.55 3 1.180,
3.600 3 1.828 1 L.166 1 1.62 3 1.163
3.800 3 1.930 1 L.151 1 1,70 3 1.185

U1.0003 2.031 1 1.152 1 1.79 3 1.186 .0 9
1.200 3 2.133 1 1.161 1 1.92 3 1.111
41.100 3 2.235. 1 1.193 1 2.10 3 1.179
1.600 3 2.336 1 L.217 1 2.31 3 1.1.71

1.8W0 3 2.4138 1 1.321. 1 2.61 3 1.161

5.000 3 2.539 1 1.1113 1 3.09 3 1.150_________=
*5.500 3 2.793 1 1,667 1 .57 3 1.126_ _ _

6,000 3 3.017 1 1,850 1 6.31 3 1.11
6.500 3 3.3 1 1 1.901 1 7.65 3 1.110
7.000 3 3-3"5 1 1083 1 8.37 3 1 .c.--:1--23.c:i.
7.500 3 !.Bog 1 1.802 1 8.79 3 1.17 -'*.* * - -

8.000 3 h1.063 1 1118 1 9.18 3 1,121 -.

8.500 3 11.317 1 1.711 1 9.66 3 1.123
9.0)0 3 Is.571 1 1.691. 1 1.03 11 1.1.25 0 0
9.-500 3 Is.825 1 1.696 1 1,1211 1.125 -

10 It 5.079 1 L.715 1 1.23 11 1.4
1.100 h 5.587 1 1.783 1 1.57 11 1.118
1.200 74 6.o95 1 1.850 1 2.02 11 1.11%1
1.300 74 6.(03 1 1.833 1 2.52 11 1.17

*1.00 11 7.111111.871 1 2.98 4 1.113

*1.5001 7.619 111.825 1 ~331 4 1.116 ~

0 0 0 0 0



0 0

IIAVWW RMIM 6M7

TA31.Z VUI AD - 5)CX RZLLIOnSA 250,00 F

! 0L2,f, pe/p, Ica 1/&a0

Z.5"5 1 8.05C r LT7m I 3.I t1 Lfl9 -

1.71 1 9.033 1 1.6+6 1 3.71 11 1.129
1.995 11 1.01.3 2 1.529 1 'A.9 41 111
2.239 Is 1.1-17 2 1.4M6 1 11.30 4 1.1316
2.512 31 1.2j3 2 1.503 1 5.110 11 1.13

2.818 1 1431 2 1.5T1 1 7.22 11 1.135
3.162 4 1.606 2 1.571 1 8.96 14 1.135
3. 5 4~8 31 1.802 2 1.508 1 !.0. 5 101412

3?0 .On. 2 1.1171 1 1.16 5 1.115
14.167 It 2.269 2 1.503 1 1.I'5 5 111

*5.012 It 2.5745 2 1.519 1 1.82 5 1.11h0 ;q
5.623 11 2.856 2 1.4m8 1 2.12 5 1.1443
6.310 1 3.205 2 1.1488 1 2.56 5 1.1443
7.080 11 3.596 2 1.1199 1 3.17 5 1.112
7.943 1 14.03 2 1.1480 1 3.71 5 1.1"3

8-13 4 .52T' 2 1.1465 1 1.50 5 1.116 _______

0 0 0

k16
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RVO 6M1

TA3LZ VIII x~1OL SWCE T03 AT 300,000 FEZ?

3,000512~ -3 .25 2.32 1

.00 3 3.551 -3 1.392 2 1.36T I

2.6o0 3 4.a. -3 2.513 2 1.394 1.
2.8W. 3 5.439 -3 2.65n 2 1.285 3.

3.000 3 T.29j -3 2.285 2 1.3321 1. . . . . . . . . . . .

3 1.200 3 6.130 -3 2.397 2 1.566 1

1.200' 3 6. 2' -3 3.510 2 1.690 1
31.100 3 .07-2 -3 .W 22 1.4331

4,.000 3 8.3C13 -3 3 .Ll2 2 1.56 1

1.800 3 1.588 -2 6.192 2 2.170

5.000 3 1.9.14 -2 17.1162 2 2.377
5.500 3 2.715 -2 2-1057 3 2.823 1
4.000 3 3..58 -2 1.230 3 3.015 1

*6.500 3 3,34T7-2 1-333 3 3.138 1

7.000 3 3-684 -2 .0 3 3.299 1

8.000 3 3.3-76 -2 1.5%3 3 3.-426 1 .

8.500 3 41.X20 -2 1.721 3 3.6U3 I
9.0= 3 c.058 -2 2.3)1 3 3.863 1
9.500 3 5.91T7 2 234 3 4-1t

l.coo I, 6.992 -2 2-722 3 11.533 1
1.100 11 9.532 -2 3-711 3 5.287 1
1.200 11 1.153 -1 h-608 3 5.892 1
1.300 11 1.327 -1 5.168 3 6.2415 1
1.4100 411~2 - 5.1460 3 6.h127 1

* .0 11."116 -1 5.630 3 6.535 1

1.585 4 iA&S -1 5-T1 3 6.589 10 S

1.778 11 1.573.6 -1 5. ,0 3 6.759 1

1.995 It l.737 -1 6.765 3 7.195 1 *. .

2.239 11 2. _Zer -1 8.9k% 3 8.278 1

212 13.7 -1 1.209 It 9.593 1

2.818 4 3. fs9 -1 1.1111 1 1.0417 2 1-

3.62i 1.b~ -1 1.583 'a 1.100 2 * * *

417

* ~ ~~~~~~~~~~~ .-----..-----------..-- .-.------- -. 0.0. .
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XAVORDRRONT6075

T9. "x . . .

2-200 3 1.11 1 8.531 .A 6.2 2 -

2.40 3 .21 1 'm 8.5 2 1.2171

2.800 3 1.1.18 1 1.263 1 1.37 3 1.1.67

3.000 3 1.520 1 1.252 1. 1.46 3 1.16q
3.200 3 1.621 1 1.227 1 1.53 3 1.173
3.1.00 3 1.722 1 1.205 1 1.64 3 1.176
3.6oar 3 1.821. 1 1.196 1L 1.68 3 1.178
3.800 3 1.925 1 1.208 1. 1.81 3 1.176

4.000 3 2.o26 1 1,250 1 2.01 3 1.170
1..200 3 2.128 1 1.327 1 2.30 3 1.160
li.100 3 2.229 1. 1.1.39 1 2.72 3 l.1-.
4..600 3 2.330 1 1.575 1 3.28 3 1.2A1
1..800 3 2.1.32 1 1.725 1 1..00 3 1.=2

5.000 3 2.533 1 1.869 1 1..85 3 1.11
5.500 3 2.786 1 2.082 1 6.90 3 1.100
6-000 3 3.01.0 1 2.0-th 1 8.00 3 1.101
6.500 3 3.293 1 1.569 1 8.1.5 3 1.105 0 0
7.000 3 3.51.6 1 1.909 1 8.79 3 10110W-

**7.500 3 3.800 1 1.855 1 9.26 ~3 1.113
8.000 3 4.0o53 1 1.835 1 9.98 3 1.115
8.500 3 4..3o6 1 1.852 1 1.11 1 1.113
9.000 3 1,.560 1 1.899 1 1.27 1. 1.1
9.500 3 1..813 1 1.966 1 1.49 4 1.10o6

1.000 1. 5.066 1 2.035 1 1.7 1.102
*1.100, h 5.573 1 2.129 1 2.1.2 1. 1.098

',.200 1. 6.080 1 2.128 .1 2.99 S. 1.098
1.300 1 6.586 1 2.058 1 3.31 . 1.1 W
1.100 k 7.093 1 1.964. 1 3.52 4 1.107

1.500 1. 7.6o, 1 1.870 1 3.62 4 1.1 ..
1.585 1. 8.030 1 1.796 1 3.66 1. 1.118
1.T78 1 9.010 1 1.66. 1 3.82 1 1.120
1.995 4 1.010 2 1.616 1 1.31 1 1.132
2.239 1. 1.13, 2 1.707 1 5.75 1 1.121

2.512 I4 1.272 2 1.784. 1 7.77 h 1.9.
2.8181. 1.1282 1.71.1.1 9.221. 191.21 0 0
3.162 1 1.602 2 1.653 1 1.01 5 1..29

C. . -$ ' "

1.8

6 5- •

V.o .2 .3 1. 2.T --. 1.A . .
* 60 .30 1 .T 1-* " 3.5 11

-- 4. 4o4.' .. o

5, X) ].04. ..2C.] 6.0 . -. o10.
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